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Abstract 
 
This thesis presents the results for three different concrete mix designs with compression 
strengths of 4500 psi. The experiment was conducted in the Las Vegas area during the summer, 
from August 16th to October 12th, 2018, where temperatures and relative humidity was recorded 
daily, three times a day. In total, 135 concrete specimens (4” x 8”) were taken on site and were 
subjected to five different curing conditions.  
For each concrete mix design, three concrete samples (4” x 8”) were taken and submitted 
for each curing condition, resulting in 45 cylinders for each concrete mix design. The same number 
of cylinders were taken for testing at seven days, 28 days, and 56 days, which was the final testing 
age for this study. There were 45 concrete cylinders per each mix design and 135 specimens in 
total for this experiment. All cylinders were subjected to the same tests at the time the samples 
were taken; the tests consisted of concrete temperature testing and unit weight testing. 
Additionally, for this research, in order to learn the chloride ion penetration and surface concrete 
resistivity, a non-destructive test using a Resipod device was performed. Furthermore, the same 
samples were subjected to compression strength tests. 
Finally, for each mix design, the results obtained from all of the tests were analyzed with 
the assistance of tables and graphs, which provide significant data for the conclusions and 
recommendations of this thesis. 
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Chapter 1 
 Introduction 
 
1.1 Introduction 
For many years concrete has been utilized as a material or technique to build a structure 
from the foundation to the roof. The Portland Cement Association (PCA) describes concrete as a 
mixture of cement, water, and broken stone or gravel. Concrete can be spread or poured into molds 
using different techniques, but in the end, it will become a hard and strong material. The usage of 
concrete has contributed to the formation of spaces to live and learn, as well as to the creation of 
societies and communities. For these reasons, mankind has been working on improving the 
properties of concrete.  
Concrete is also a complex composed material that has been studied under different 
conditions in order to understand its behavior, and these results have been used for various 
applications. Jamal (2017) explains that different types of admixtures, such as those based on water 
reducers or accelerators, and air entraining have been developed and added into concrete to modify 
its properties. These commonly improve the compression strength, workability, resistivity to 
chemical agents, setting time, water-cement ratio, and insulating quality, as well as extend the 
lifespan of concrete.  
Data taken from the “Concrete Craftsman Series” (2016), published by American Concrete 
Institute (ACI) in 2015, shows that approximately five tons of concrete are fabricated per year for 
every living human being around the world. This widespread use demonstrates that building with 
concrete has benefits, such as fire and wind resistivity, as well as its ability to be cast into almost 
any desired shape. 
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However, concrete is often times used in applications that subject it to aggressive and/or 
variable environmental conditions and chemical agents. These types of conditions can affect its 
integrity, service life, and durability, or even cause the collapse of the concrete’s structure. Ahmad 
(2003) mentioned different factors that can severely contribute to the degradation of the properties 
and quality of concrete. Some of these factors include: chloride ion penetration in concrete; poor 
quality of the materials that compose the concrete; inappropriate structural design; environmental 
conditions and curing conditions of concrete’s elements; inadequate execution of the project, 
and/or wrong procedures or techniques at the time of placing the concrete; and inadequate 
maintenance and /or protection of concrete. When the concrete’s elements collapse for any one of 
these reasons, it creates terrible situations and disastrous consequences including, monetary loss, 
or  worst case scenario, loss of lives. 
The durability of concrete is its ability to provide resistivity to the actions of these previous 
mentioned agents that affect the service life of concrete, and is currently the priority of many 
studies around the world. Several studies have been developed and have achieved outstanding 
results in determining the mechanical properties and durability of concrete, which is a top desire 
for engineers. 
Due to the complex structure and chemical composition of concrete and the variations of 
its properties over time, it can be difficult to predict exactly how concrete will behave under certain 
variable conditions. A variety of factors acting at the same time on concrete’s elements, during a 
duration of time, and in real conditions attribute to that difficulty. As a result, it is a daily challenge 
for those involved in the construction field to expand their knowledge about concrete in all of its 
phases.  
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1.2 Background 
Concrete on its own is adequate for sections under compression, but inadequate for sections 
in tension.  For this reason, it is very common for concrete to be combined with steel as 
reinforcement in order to improve its tensile properties in sections under tension. Due to the 
existence of this reinforcement, and the probability of corrosion related to it, several experiments 
and tests and have been conducted to help minimize the corrosion of the steel into the concrete. 
One of these tests can measure the surface electrical resistivity in cured cylinders under certain 
conditions in order to show the permeability and porosity, which is measured by the attack of 
chloride to the surface of the concrete and how it affect its properties. 
The Portland Cement Association (PCA) states that curing is significant after concrete 
placing and finishing, guaranteeing adequate moisture to the concrete for it to reach the desired 
compression strength at a certain age. Curing is important to help the concrete continue the process 
of hydration, and the techniques for curing can be variable depending the mix design, required 
strength of the concrete element, and environment conditions.  ACI 308-14 suggest minimum 
curing periods for different types of cements, and ASTM C31 recommends how to maintain 
adequate curing conditions for concrete sampled on site. 
Furthermore, it is a fact that chloride ions penetrating concrete and reaching the rebar, in 
combination with ambient conditions, can be detrimental to its integrity and can cause 
deterioration of the structure, as expressed by Bioubakhsh (2011).  Of course, this phenomenon is 
directly proportional to the internal pores of the concrete, and at the same time depends on multiple 
factors including mix design, degree of hydration, curing conditions, admixtures added to the mix 
design, ambient temperature, and adequate workability of concrete.  In summary, concrete should 
be evaluated for chloride permeability, due to the penetration of chemical agents into the surface, 
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in order to increase the durability of concrete. Additionally, the engineer should make decisions 
about which concrete mix design is the most appropriate to use under certain environmental 
conditions. 
A popular and reliable laboratory test for measuring chloride permeability is The Rapid 
Chloride Permeability Test (RCPT), which follows the AASHTO T277-15 or ASTM C1202-12. 
It can be summarized as a method consisting of determining the amount of electrical current passed 
through 50-mm thick, 100-mm diameter concrete specimen during a six-hour period, and subjected 
to a difference of 60v (potential difference applied DC), which is maintained across the ends of 
the specimen, while one of them is immersed in a sodium chloride solution and the other in a 
sodium hydroxide solution (Figure 1.1). The total charge passed (in coulombs), is correlated to the 
resistance of the specimen to chloride ion penetration. 
Figure 1.1 Equipment and Sample for RCPT Test. 
                      
AASHTO T358-17 also requires the administration of the Surface Resistivity Indication of 
Concrete’s Ability to the Resist Chloride Ion Penetration test. This standard method, which is 
conducted in a laboratory, is directed to obtain the results of electrical resistivity of water saturated 
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concrete samples (4” x 8” or 6” x 12”), and shows rapid indication of its resistance to the 
penetration of chloride ions.  Concrete cores are also permitted to be used for this test, utilizing a 
four-pin Wenner probe array (Figure 1.2). Then an alternate current is applied by the surface 
resistivity equipment at the outer pins of the Wenner array. This produces certain amount of current 
flow in the concrete, and the consequent potential difference between the two inner pins is 
monitored and combined with the current used in the concrete sample in order to determine the 
resistivity of concrete, measured in kΩ-cm (Figure 1.3). 
Figure 1.2 Wenner Equipment                     
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Figure 1.3 Surface Resistivity Test with Wenner Device, according to AASHTO T358-17 
        
 
However, it is worth mentioning that this thesis will be based on ASTM WK37880, a work 
item that is proposing new standards under development, initiated on June 6th, 2012. WK37880, is 
being analyzed to assess the surface electrical resistivity of concrete cylinders by using the Wenner 
four-electrode method, which should have some correlation with the RCPT test and AASHTO 
T358-17. 
In addition to RCPT and AASHTO T358-17, another method has been used to test concrete 
and offers valuable results. This method is the Wenner probe method using the Resipod device, 
which is a non-destructive test that can provide measurements to determinate concrete surface 
resistivity and chloride ion penetration.  
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In addition, the measurements obtained from the Wenner probe method using the Resipod 
device, can be used as a reference for the micro pore structures inside the concrete sample (Figures 
1.4 & 1.5).  This can be used as a parameter for the quality and durability of the concrete, keeping 
in mind that many factors can affect the quality and durability of concrete.  
Figure 1.4 Resipod Device 
                              
 
Figure 1.5 Wenner Probe Method 
             
The Florida Department of Transportation has been a pioneer in developing these types of 
studies, undertaking experiments that have shown results with strong correlations between RCPT 
measurements and resistivity measurements, using the Wenner probe device. 
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1.3 Motivation  
It is profoundly difficult to predict the behavior of the concrete, especially under real and 
variable conditions, due to its complex structure. Acknowledging the variable factors affecting the 
characteristics of concrete daily, it is recognized that there is a lack of equipment and/or techniques 
that aid in predicting its durability in a relatively quick and easy manner.  
Presently, in the construction field, there is a need for the development of new equipment, 
techniques, and devices that are able to provide data and results that can be used to predict the 
behavior of concrete at certain ages, as well as to estimate the durability of concrete. It is crucial 
to have foresight about how to improve the quality of concrete, or how to assume the consequences 
of possible issues. It is also important, whenever possible, to utilize portable, accurate data devices 
in order to save time during transportation and use, and which can substitute for or improve on 
older methods. 
In addition, is valuable that newly developed techniques/devices, based on studies and 
research, can save costs and resources on any project when they are used as multifunctional (if 
possible), either on the job site or in the laboratory, with the same accuracy. 
The Resipod device, can be used for non-destructive tests, since it tests from the surface of 
the concrete. The Resipod device can be used at the laboratory on concrete samples (4” x 8” or 6” 
x 12”), or on the job site to predict the durability of concrete at certain ages, based on the electrical 
surface resistivity of the concrete, offering statistical data and graphs in a clear manner. 
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1.4 Objective 
For this thesis, three different and common concrete mix designs used for slab on grade, 
columns, walls, and footings were studied. The 135 concrete samples (4” x 8”) were taken in the 
Las Vegas area during the summer time, on August 16th and 17th 2018, and were subjected to five 
different conditions: laboratory conditions, real conditions (ambient conditions), oven dry 
conditions, and seven-day curing conditions were used. The samples were maintained in these 
conditions until October 12th. 
This study has as a main objective the investigation of the effects of the five different curing 
conditions on the compression strengths and surface resistivity of the three commonly used 
concrete mix designs in Las Vegas. It individually compares the compression strengths of three 
different concrete mix designs, with a 4500psi required compression strength at 28 days. 
Additionally, based on this data and recording the ambient temperature daily, this thesis will 
demonstrate how important it is to maintain adequate curing conditions in order to obtain the 
desired strength of the concrete in any project.  
This research will also provide data and statistical analyses of concrete surface resistivity 
tests performed on the concrete specimens, by using a Resipod device on the same samples 
subjected to different curing conditions, and based on ASTM WK37880, which is still under 
revision. By applying and showing Resipod data in this thesis, it will be demonstrated that the 
equipment is able to be used in the laboratory to provide measurements for surface resistivity. It 
will reveal results, conclusions, and recommendations for posterior studies regarding the durability 
of concrete, either for students or professionals involved in the construction field, such as 
inspectors, contractors, and engineers. 
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This research is aimed to increase the knowledge about the ability of concrete to resist the 
attack of chemical agents. This is important because such agents can contribute to the deterioration 
of concrete and its service life. 
This thesis can be used to support future research using the Resipod meter and can be 
extended in different ways, such as by using different mix designs, specimens with different 
dimensions, and different curing conditions, as well as extending time to 3 months and more. In 
addition, other experiments or techniques can be used to enrich this study, such as using a scanning 
electron microscopic, through which some images of the microstructure of concrete can be 
obtained; therefore, this study can be used as a complement for future experiments or theses.  
Furthermore, this research can be replicated during winter where the ambient temperatures are 
opposite to when this research was developed. 
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Chapter 2 
 Literature Review 
 
2.1 Literature Review about Curing Conditions for Concrete 
Representative concrete samples were taken at a job site, mid-pour, directly from a single 
concrete truck as instructed by ASTM C31; then adequate curing conditions were maintained as 
the most significant following step to assess the concrete. The previous has been demonstrated by 
Fonseca, de Brito, Evangelista (2011) and Aitcin (2003) for different concrete mix designs. 
Laboratory curing conditions are the desired standard conditions, having a temperature of 
23+/-2 degree Celsius and relative humidity of not less than 95%, maintained by fog sprays. For 
the most part, the spraying and fogging technique for curing concrete samples in a laboratory is 
used when the ambient temperatures are high and the average relative humidity is low, indicative 
of the Las Vegas area. Fogging also helps reduce cracking while the concrete reaches the maximum 
compression strength. 
Around the world, laboratory curing conditions similar to the ones mentioned above are 
adopted as standard curing conditions for storing specimens that will be broken at different ages 
including: three days, five days, seven days, 14 days, 28 days, and 56 days or more, depending on 
the requirements of projects, clients, or engineers. 
Many researchers have developed studies and experiments with variable curing conditions 
and mechanical properties of concrete using different concrete mix designs, knowing that in a real 
project, many factors can affect the properties of the concrete’s elements. These properties include 
water to cement ratio in the mix design, quality of the material that composes the concrete, 
workability at the time the concrete is placed, and aggressive climate, among others. 
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Paulik (2013) published an article in which the main topic of his research was the 
developed compressive strength of high strength concrete in a bridge. Basically, a mix design was 
created in a laboratory by engineers prior to the construction of the bridge, and the compression 
strength was found acceptable using concrete cubes before the real project started. The study shows 
the difference of compression strengths for specimens on standard cubes with edges of 150 mm 
under lab curing conditions and field conditions tested at the same age.  The real case scenario for 
this study was a construction project of a bridge relatively close to the village Štrba, Slovakia. It 
was constructed by the Incremental Launching Technology, which is a technique that utilizes large 
amounts of concrete and quickly achieves a high compression strength. The mix design was 
appropriated for workability and frost resistance due to the lower temperatures of approximately 
2 degrees Celsius at the job site area. 
 By request of the field management and due to the significance of the project, the concrete 
samples were also stored at ambient temperatures to serve as reference for the real strength of 
concrete on site during the construction of the bridge. Samples of concrete (cubes) were taken 
simultaneous with the placement of the concrete, and they were subjected to the same field curing 
conditions as the concrete in field. The objective of this practice is to try to reach a similarity in 
compression strength between samples and real concrete. Compression tests were performed at the 
laboratory under curing lab conditions where specimens were stored at 20 degrees Celsius in water, 
resulting in the concrete reaching more than 35 N/mm2 in 48 hours and more than 75N/mm2 in 28 
days for the curing lab samples.  
By comparing the samples under real-field conditions and laboratory conditions, Paulik 
(2013) concluded that the difference in compression strength for this project can be different under 
different conditions: curing vs. real conditions. Also, the samples taken have a smaller volume 
13 
 
than the real project and the hydration process can vary, especially at early ages of concrete; 
therefore, special attention should be taken at the time of concrete placement, to curing conditions 
and the removal of forms in order to reduce the risk of structural element failure. 
An article written by Zemajtis (n.d.) and published by the Portland Cement Association 
states that higher curing temperatures achieve early high compression strengths, which may 
decrease at 28 days. In addition, the National Ready Mix Concrete Association (NRMCA) states 
that the compression strength of air cured samples can be lower than moist cured samples at three, 
seven, and 28 days. Moreover, in hot weather, the concrete strength is achieved faster and curing 
periods may be reduced. 
Shoukry, William, Riad, and Downie (2011), in a study made about the “Effect of Moisture 
and Temperature on the Mechanical Properties of Concrete,” arrived to the conclusion that 
temperature and moisture can affect the mechanical properties of concrete. They also, through an 
experiment developed with an environmental chamber constructed in the laboratory to provide 
heating and cooling characteristics, concluded that higher temperature and higher degrees of 
saturation will result in lower compression strengths in concrete samples. 
Tae-Kyun, Seung-Jai, Jang-Ho Jay, and Byung-Yun (2015) directed a study in South 
Korea, using 4”x8” cylinders to demonstrate how the concrete is affected by natural disasters and 
how the properties of concrete can be improved, especially considering the favorable effects of 
curing conditions on concrete. The investigation was based on three, seven, and 28 days 
compressive and split tensile strength properties of concrete cured, under different climatic factors 
involved during the curing process. These factors could be temperature, relative humidity, wind 
speed, and sunlight exposure, and were used to analyze the effects on concrete properties. Their 
results demonstrate that the compressive strength obtained under different temperatures, relative 
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humidity’s, and curing conditions show that higher temperatures can increase the three and seven-
day early compression strengths and achieve the same results as steam cured concrete samples. 
However, the 28-day higher compression strength was obtained at curing temperatures of eight, 
12, and 35-degrees Celsius vs. higher temperatures (40 and 45 degrees Celsius). 
In their study, the compression strength obtained at 28 days with the same wind conditions 
did not meet the requirements. However, with winds of zero m/s, the strength was ordinary, 
demonstrating that wind speed conditions can affect the process of moisture evaporation in 
concrete samples in a negative manner. 
Plante, Cameron, and Tagnit-Hamou (2000) presented a research with a main topic of the 
“Influence of Curing Conditions on Concrete Specimens at Construction Site,” where the cylinders 
(4” x 8”) were subjected to different air curing conditions. In the study, temperatures were recorded 
and compressive strength tests were performed at seven and 28 days; additionally, microstructural 
studies were conducted on select samples. The curing conditions showed significant differences 
up to 10 MPa, depending on the curing method. As a highlighted point, it was found that the first 
24 hours of curing is of major importance on concrete compressive strength, and for this reason 
the authors recommend immediate special curing care to minimize the negative effects on concrete 
strength. 
Samir and Mokdad (1988) developed research in Bagdad with a main topic of the effect of 
the curing period of concrete in a hot climate. They used different concrete mix proportions 
(different water-cement ratios) in hot weather to demonstrate the effect on curing periods, as well 
as studying the delay in the curing process by the wet burlap method on some properties of 
concrete.  
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In their study, the mixes were exposed to different curing conditions. Some concrete 
samples were cured outside the laboratory for different ages and then cured with burlap; some 
were cured in real ambient conditions without water curing; some were cured under sprayed water; 
some were cured under wet burlap for three and seven days; some were immediately covered with 
burlap, which was sprayed with water twice daily for different ages between three and 28-days. 
Other specimens were cured under standard laboratory conditions for the same ages. Then 
compressive strength tests were undertaken for each curing condition and for each different 
proportion at different ages (in each test a minimum of four cubes were tested). As a result, the 
study results demonstrated that a minimum of three days of curing was sufficient for rich mixes 
(high content of cement), while a longer period was required for leaner mixes (min. seven days). 
The delay of curing brought negative results on the concrete and the first day of delay caused the 
largest negative effect. Curing after delaying increased the compressive strength of concrete, but 
it did not recuperate the reduction in strength caused by the curing delay. These conclusions are 
similar to those shown in Plante’s (2000) research. 
 
2.2 Literature Review about Surface Resistivity 
Polder (2001) evaluated concrete resistivity on site. Core concrete samples were used to 
analyze the corrosion of reinforcement. Among other objectives of this experiment were electrical 
resistivity, which was also measured using two electrodes and four electrodes (Wenner method) 
to provide alternative currents to the samples. Polder stated that the surface resistivity of concrete 
can be used to measure the early corrosion damage of the reinforcement and it is a significant 
parameter to make a prediction as to where the chloride penetration will attack the concrete. 
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Polder (2001) also noted that, usually, low resistivity locations in concrete are proportional 
with quick chloride penetration points, being the dimension of resistivity ohm per unit of length. 
However, he also expressed that the electrical resistivity can vary according to the mix design, 
admixtures, w/c ratio, and moisture curing conditions. For instance, decreasing the temperature 
should contribute to higher resistivity. On other hand, lower resistivity is caused by wet concrete, 
as well as wider pores or a higher w/c ratio in the mix design. For a constant moisture content, the 
resistivity of concrete should increase when a lower w/c ratio is used, longer periods of curing 
(contribution of better hydration process) should be used, and reactive materials such as fly ash 
should be added. Additionally, the resistivity should increase when the concrete dries out, and the 
effect of temperature and moisture combined can affect the results on resistivity surface of 
concrete. 
The Department of Transportation of Florida in 2005 ran an experiment to compare the 
permeability of concrete using a Rapid Chloride Penetration Test (RCPT) based on (ASTM 
C1202-12, AASHTO T277-15) and a Surface Resistivity (SR) test using a Wenner probe array 
device to take resistivity measurements. The experiment was based on more than 500 concrete 
samples sets  of 4” x 8” and 6” x 12”) made of three specimens each, which were collected in the 
state of Florida for testing at 28 days using RCPT and SR tests.  At the conclusion of the study, it 
was determined that the surface resistivity can replace RCPT, showing accurate results, and can 
be used as an electrical indicator of the permeability of concrete. Furthermore, the SR test should 
be performed right away after the samples are removed from moist conditions in order to avoid 
drying effects on the samples, and should be measured symmetrically in the cylinder because it 
could be different throughout the section of the sample. 
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Rupnow and Icenogle (2012) conducted research about surface resistivity measurements 
as an alternative to Rapid Chloride Penetration Test (RCPT) in Louisiana.  Samples were taken in 
a laboratory and at the field from more than 30 mixtures, using different concrete proportions with 
a wide w/c ratio between 0.35 and 0.63. Type I and Type II, cements were used, as well as fly ash 
class C and F, slag grade 100, and slag grade 120 for the different concrete mix designs, as well 
as coarse aggregate No. 67 limestone and natural river sand, composed at a 60:40 coarse to fine 
ratio. For the experiment, samples (4”x 8”) were prepared on site and subjected to similar curing 
conditions as field elements for three days.  They were then transported to the Louisiana 
Transportation Research Center (LTRC) where they were stored in a 100% relative humidity room 
until the required age of testing. RCPT was performed for each mixture at 14, 28 and 56 days 
following ASTM C1202-12, and SR was determined according to the provisional AASHTO TP95-
11, Surface Resistivity Indication of Concrete’s Ability to Resist Chloride Ion Penetration.   
As a conclusion, the study reported that the surface resistivity measurements had notable 
correlation with measurements obtained from RCPT using a wide range of samples at the testing 
ages. Moreover, the experiment showed that the surface resistivity meter is very easy to use, and 
the cost-benefit analysis show that the implementation of Resipod equipment can save significant 
amounts of money. 
Ghosh, Tran (2015), also published research regarding the electrical properties of concrete, 
measuring the surface resistivity using the Resipod equipment. The study analyzed the data 
obtained from the Resipod device when it was used to measure the concrete for different concrete 
mix designs at different ages of seven, 14, 28, 56 and 91 days. 
In their experiment, performed at a laboratory in California, thirty–three different mix 
designs were used combining type II and type V cement with different w/c ratios. They also 
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utilized aggregates, fly ash, silica fume, and met kaolin for 4”x8” cylinders and 6” x 12” cylinders, 
which were cured after two days in lime water at ambient temperature. 
In conclusion, this interesting experiment brought to light that the influence of probe 
spacing and specimen size can affect the electrical resistivity data over a long period of time. 
Ternary mixtures offered outstanding results with high electrical resistivity, even when some 
percentages of fly ash and slag replaced met kaolin. This is notable due to metakaolin’s ability to 
be used on concrete applications where higher resistance to chloride penetration is required.  
Another article, published in the journal “Advances in Materials Science and Engineering”, 
by Azarsa and Gupta (2017), about using the electrical resistivity of concrete to evaluate the 
durability, states that increasing the aggregate size can lead to higher electrical concrete resistivity. 
Increasing the aggregate amount in a concrete mix design and reducing the cement paste can lead 
to higher values of electrical resistivity because it reduces the porous hardened cement paste with 
denser aggregates. In addition, aggregate types, such as limestone and round-shaped gravel can 
make electrical resistivity variable. 
In the same article, it is demonstrated that curing conditions on concrete can affect the 
electrical resistivity; two important factors being the degree of saturation of the samples and the 
degree of hydration of the cement on the specimen, offering higher values of electrical resistivity 
than the curing and saturated samples. 
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2.3 Literature Review about ASTM regarding Surface Resistivity 
As mentioned previously the ASTM WK37880 “New Non-Destructive Test Method for 
Measuring the Surface Resistivity of Hardened Concrete Using the Wenner Four Electrode 
Method” is under revision for acceptance. If approved, based on the electrical surface resistivity 
for concrete, providing measurements as a significant parameter regarding the curing regimes of 
concrete and degree of hydration, it could contribute to measuring the quality of concrete for mix 
designs, and capturing data related to ionic diffusivity of the concrete analyzed. The concrete 
surface resistivity could quickly and portably become a method that could be applied to concrete 
samples in a laboratory or on a job site; thus aiding in the prediction of the behavior of concrete 
under certain conditions to analyze the corrosion of the reinforcement (among other properties of 
the concrete sampled). 
Currently, the most popular or worldwide methods comply with the following ASTM’s: 
 AASHTO T277-15, “Standard Method of Test for Rapid Determination of the Chloride 
Permeability of Concrete;”  
 ASTM C1202-12, “Standard Test Method for Electrical Indication of Concrete’s Ability 
to Resist Chloride Ion Penetration;”  
 AASHTO T358-17, “Standard Method of Test for Surface Resistivity Indication of 
Concrete’s Ability to Resist Chloride Ion Penetration.” 
AASHTO T277-15 and ASTM C1202-12, are established to determine the electrical 
conductivity of concrete and to measure the resistance of concrete to chloride ion penetration. In 
this test performed in a laboratory, the amount of electrical current passing through 2” thick slices 
and 4” diameter cores or cylinders is monitored. A potential difference of 60 v is continuously 
applied across the ends of the specimens. One of them is immersed in a sodium hydroxide solution 
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and the other in a chloride solution. The total charge passed, in coulombs, is correlated to the 
resistance of the concrete sample to chloride penetration.  
The following Table 2.1 is shown in ASTM C1202-12, and can be used as a qualitative 
indicator of the chloride penetration according to the charged passed in coulombs. 
Table 2.1   Chloride Ion Penetrability based on Charge Passed 
CHARGE PASSED (Coulombs) CHLORIDE ION PENETRATION 
>4000 High 
2000-4000 Moderate 
1000-2000 Low 
100-1000 Very Low 
<100 Negligible 
 
On the other hand, AASHTO T358-17 gives instruction to determine the electrical 
resistivity of water-saturated concrete to show a rapid prediction of its resistance to the penetration 
of chloride ions, where concrete exhibits a correlation with a long term diffusion procedure 
followed by ASTM 1556. A significant point is that this non-destructive test uses concrete 
specimens (4” x 8” or 6” x 12”) or cores for measuring the resistivity with the assistance of the 
Wenner probe array. Additionally, alternating current is applied by the surface resistivity device 
at the outer probes of the Wenner array, producing current flow in the specimens, and measuring 
the resultant potential difference between the two inner pins. In addition, AASHTO T358-17 
measure the resistivity in kilohms-centimeters (kΩ-cm), in the laboratory, showing correlated 
values to the resistivity of the concrete samples to chloride ion penetration, as well as to the 
observed results in ASTM C1202-12 tests, under standard laboratory curing conditions. Also 
AASHTO T358-17 evaluates qualitatively the chloride ion penetration according to the surface 
resistivity measured (Table 2.2). All the previous tests can only be performed in a laboratory and 
results can be variable, depending the curing conditions that the samples have been subjected to. 
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Table 2.2 Evaluation of the Qualitative Chloride Ion Penetration Equivalent to the Surface 
Resistivity Measured, according to AASHTO T358-17 
CHLORIDE ION 
PENETRATION 
4"x8" CYLINDER 
DISTANCE BETWEEN PINS 1.5" 
6"x12" CYLINDER 
DISTANCE BETWEEN PINS 1.5" 
High <12 <9.5 
Moderate 12-21 9.5-16.5 
Low 21-37 16.5-29 
Very Low 37-254 29-199 
Negligible >254 >199 
 
 
 
2.4 Resipod Meter Device 
A Resipod Meter (38mm) device is a nondestructive test that can be performed in the 
laboratory or in the field.  Many experiments and studies have been developed using the Resipod 
meter because it is user friendly and still applies the four Wenner array methods to the 4” x 8” or 
6” x 12” concrete samples. The Resipod device, as of today, is used for testing the surface 
resistivity of the concrete and has proven that it can reduce costs and time, provide measurements 
to predict the chloride penetration on concrete, and estimate the corrosion of the reinforced 
concrete. For instance, the likelihood of corrosion increases when the electrical resistivity 
measurements on concrete samples are low; conversely when the electrical resistivity 
measurements on specimens are high, such as in dry carbonated concrete samples, the likelihood 
of corrosion decreases.  
Although ASTM WK37880 “New non-destructive test method for measuring the surface 
resistivity of hardened concrete using the Wenner four electrode method” is under revision for 
acceptance, as mentioned beforehand, Resipod manufacturers provide the following table (2.3) to 
estimate the likelihood of corrosion for concrete’s reinforcement, based on the usage of Ordinary 
Portland Cement at 20 degrees Celsius. 
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Table 2.3 Likelihood of Corrosion based on Empirical Tests, according to Resipod Manual  
When surface resistivity ≥ 100kΩcm Negligible risk of corrosion 
When surface resistivity = 50kΩcm to 100kΩcm Low risk of corrosion 
When surface resistivity ≥ 10kΩcm to 50kΩcm Moderate risk of corrosion 
When surface resistivity ≤ 10kΩcm High risk of corrosion 
 
For this research the Resipod (38mm) equipment operated to a full 200µA current through 
the concrete samples (4” x 8”) and according to the instructions of the manufacturer (see Appendix 
A with Resipod Manual). Moreover, because the ASTM WK37880 is still under revision and Table 
2.2 offers more conservative data regarding concrete saturated samples (4” x 8”), Table 2.2 will 
be used for interpretation of the results obtained by using the Resipod device. 
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Chapter 3 
 Methodology 
 
3.1 Concrete Mix Designs 
For the three mix designs (4500psi), it is valid to mention that materials were provided 
from local certified companies and in some cases cold water was used due to the high existing 
temperatures (40 degrees Fahrenheit) in Las Vegas during the summer. Table 3.1 shows the results 
of tests performed at the time the samples were taken from the concrete truck. 
Table 3.1 Results of Testing Samples at the time they were taken. 
 
 
MIX DESIGN 1 
Concrete Temperature  89 F 
Environment Temperature  97 F 
Time  1:20 pm 
Unit Weight 147.93 pcf 
Slump 5.25” 
 
 
MIX DESIGN 2 
Concrete Temperature 87 F 
Environment Temperature  88 F 
Time  10:45 am 
Unit Weight 152.37 pcf 
Slump 5.75” 
 
 
MIX DESIGN 3 
Concrete Temperature  86 F 
Environment Temperature 95 F 
Time  11:10 am 
Unit Weight 152.70 pcf 
Slump 4” 
   
For this experiment concrete mix design 1 (Table 3.2) used water reducer WRDA 64 to 
improve performance of concrete that contained supplementary cementitious material as well as 
fly ash, increasing the workability and the compressive strength. All of the materials were batched 
for 10 cubic yards, and Cement Type V was used to improve the resistance to sulfate attack.  
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  Table 3.2 Materials for Concrete Mix Design 1          
MATERIAL Required 
(Lbs) 
 3/4 Rock  17,520.0 
TYPE V - Cement 4,880.0 
Water  1,740.0 
Sand 13,720.0 
Fly Ash  1,210.0 
Water reducer WRDA 64 11.25 
Water-cement 
ratio(dimensionless) 
0.36 
  Table 3.3 Materials for Concrete Mix Design 2 
MATERIAL Required 
(Lbs) 
3/4 Rock 17,620.0 
Type V - Cement 5,560.0 
Cold Water 2570.38 
Sand 17160.0 
Fly Ash 1390.0 
Type A Water Reducer 196.0 
TYPE F Water Reducer 56.0 
Retarder 7.0 
Water-cement ratio(dimensionless) 0.46 
 
Table 3.3 shows the proportions of materials for mix design 2. In this case, the materials 
represent 11 cubic yds. This mix design used type A water reducer, which is a low range reducer, 
and type F water reducer, which is a high range water reducer used to reduce the amount of water, 
improve workability of concrete, and reduce the w/c ratio of the mix design. Also, retarder, as 
admixture, was placed into the mix, under client request, to improve the workability and the setting 
time of the concrete. Cement type V was used resist the attack of sulfate, and fly ash in the mix 
contributes to increased compression strength. 
25 
 
   Table 3.4 Materials for Concrete Mix Design 3 
MATERIAL Required 
(Lbs) 
3/4 Rock 20,300.0 
Type V- Cement 5360.0 
Cold Water 2430 
Sand 7,600.0 
Sand-2 (crushed) 8050.0 
Fly Ash 1,370.0 
Type A – Water Reducer 13.0 
Water-cement ratio(dimensionless) 0.45 
Table 3.4 presents the materials used for mix design 3 for 11cubic yds. Mix design 3, as 
well as mix designs 1 and 2, are composed by some materials previously mentioned: fly ash, type 
A water reducer, and type V cement. These materials were used with the same purpose in all three 
mix designs. 
The concrete specimens (4” x 8”) were taken according to ASTM C172, which is the 
standard practice for sampling fresh mixed concrete when it is delivered to a job site in concrete 
truck mixers. The concrete samples were taken by certified technicians, and temperature and unit 
weight tests were performed at the time of sampling. For each mix design, 45 cylinders were taken 
from the same truck. 
 
3.2 Curing Conditions for Concrete Specimens 
The samples, taken in plastic molds, as nonabsorbent material and covered with removable 
plastic lids, will be subjected to five different conditions as follows: 
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 Real condition:  Keep the samples consistently subjected to ambient conditions without 
any curing process at any time. After 24 hours of making the concrete samples, they will 
be extracted from the plastic molds and will be subjected to ambient conditions. 
 7 days curing condition: After finishing the samples, within 15 minutes, in accordance 
with ASTMC31, the specimens are stored at the superintendent’s trailer at 75 degrees 
Fahrenheit. After 24 hours the samples will be extracted from the molds and removed, 
subjected to environmental conditions, but covered with wet burlap and wet mats, in order 
to keep them wet during 7 days. After this period of time, they will be taken to the 
laboratory to be tested with the Resipod device to determine their surface resistivity. The 
next step is to brake the samples using a compression strength machine in order to 
determine the compression strength of the specimens at different ages. 
 Oven dry condition: Upon obtaining the concrete specimens and within 15 minutes, store 
the samples at the superintendent’s trailer in conditions of 75 degrees Fahrenheit for 1 day. 
Then samples will be extracted from plastic molds and transported to the laboratory with 
suitable cushioning material to prevent damage and/or deterioration of the specimens, 
according to ASTM C31 (section11). At the laboratory they will be immediately placed in 
the oven under 120 degrees Fahrenheit for the duration of the experiment. 
 Wet oven condition: Upon finishing the concrete specimens and within 15 minutes, 
samples will be kept in the superintendent’s trailer at 75 degrees Fahrenheit during 24 
hours. After that, the specimens will be removed from plastic molds and transported 
according to ASTM C31(section11) to the laboratory and immediately placed in the oven 
and subjected to 120 degrees Fahrenheit in suitable plastic containers with tap water for 
the duration of the experiment. 
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 Laboratory standard conditions: After finishing the concrete samples on site, the 
specimens, within 15 minutes, will be stored in the superintendent’s trailer under 75 
degrees Fahrenheit for 24 hours. Subsequently, the samples will be transported to the 
laboratory, following instructions of ASTM C31, and directly placed into the moist room, 
which is adequately equipped, according to ASTM C511, with fog spray equipment and 
maintains a temperature of 75 degree Fahrenheit and a relative humidity of not less than 
95%.  
 
3.3 General Procedure 
In total, 135 specimens (4” x 8”) will be taken, 45 samples for each concrete mix design, 
which will be equivalent to 45 specimens for every concrete truck. Concrete samples will only be 
removed from the conditions they were subjected to when the time for being tested has arrived. 
The age to be tested will be seven days, 28 days, and 56 days; ambient temperature will be recorded 
during the 56 days three times a day, at 7am, 12pm, and 7pm as a factor that can affect the strength 
of the concrete. 
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Figure 3.1 Steps for General Procedure 
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For each concrete mix design, three specimens will be taken for each mix design and for 
each curing condition, as shown in Figure 3.1. The following steps will be the same, the only 
variation will be the proportion of material in every different mix design. 
STEP 1 
 Take the samples from the concrete truck, making sure the samples are representatives, and 
follow the instructions from ASTM C31, with the appropriate equipment and tools.  
 Record the ambient temperature at the time the samples are taken, as well as the concrete 
temperature; perform the unit weight test (Figure 3.2) and slump test with the adequate 
tools and equipment.  
 
Figure 3.2 Unit Weight Test. 
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Figure 3.3 Taking 4” x 8” Concrete Cylinders 
                       
STEP 2 
 Separate and appropriately label the samples on the outside face of the plastic sample 
molds.  
 Store the samples following the five different curing conditions, within 15 minutes, 
accordingly with the curing conditions, either in the superintendent’s trailer or at the job 
site (only applicable to specimens subjected to real condition). 
STEP 3 
 Pick up the samples and transport them following the established curing conditions, and protect 
them from any damage or deterioration while they are being transported. 
 Store the samples, already marked by different concrete mix design, following the five 
different curing conditions, especially the samples that will be kept at the laboratory. 
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STEP 4 
 Specimens maintained at real and oven dry conditions are not subjected to water cured regimes. 
Those samples must be saturated in tap water for eight hours in order to be saturated at the 
time the surface resistivity test is performed. Because the seven-day curing condition is only 
for a week, at the age of 28 and 56 days, the samples subjected to seven-day curing conditions 
will be saturated as well, for eight hours prior to surface resistivity test.  
 Before the surface resistivity test is performed, all of the samples must be must be marked with 
numbers by different mix designs and curing conditions. In addition, specimens must be 
marked on the top finished circular face, marking the 0, 90, 180 and 270 degree points on the 
circle. Those marks must be extended onto the longitudinal sides of the samples. Additionally, 
symmetrically written marks must be on top of the longitudinal lines to serve as a template for 
the pins of the Resipod device (Figure 3.4). 
Figure 3.4. Marked Concrete Sample for Surface Resistivity Test, using Resipod Device. 
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Figure 3.5. Performing Surface Resistivity Test. 
                          
 
Figure 3.6. Performing Surface Resistivity Test 
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STEP 5 
 Perform the concrete surface resistivity test with Resipod device twice for each sample, within 
approximately five minutes. 
 Follow the recommendations of the manufacturer (see Appendix A) and record all data to 
provide the information obtained from the device, which can then be used for graphs and 
statistical analysis.  
 As the concrete samples won’t be damaged by using the Resipod device, save the specimens 
to brake them in the compression machine to perform the compression strength tests. 
 Save all compression strength data obtained as a result of the compression strength test to make 
a comparison of the different curing conditions for each individual mix design. 
 Clean the area used for performing the test, as well as the tools and equipment. 
 
Figure 3.7 Compressive Strength Test. 
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Chapter 4 
Results 
 
4.1 Results and Graphs obtained using Resipod Device 
The following figures (Figure 4.1 to 4.9) show a summary for the results obtained from 
using the Resipod device to measure the surface resistivity on the 135 samples, subdivided by 
each mix 1. The entire data set is also presented in Appendix B. 
Table 2.2 was used as a reference for the 270 measurements (two times each concrete 
cylinder) to evaluate the chloride ion penetration according to the surface resistivity 
measurements by using the Resipod device. This table was chosen because it provides 
conservative values, compared with Table 2.1 and table 2.3; also the concrete samples (4” x 8”) 
were saturated with water. 
 
4.2 Summarized Data obtained from using Resipod Device for each Concrete Mix Design 
After testing the concrete samples for concrete mix design 1, using the Resipod device, at 
seven days, with the data provided by the equipment, and based on Table 2.2, it is adequate to 
interpret that the measurements taken with the Resipod device were steady for all curing 
conditions. This results in all samples being in the range of high chloride ion penetration, except 
for the wet oven condition, which shows some values with moderate chloride ion penetration, 
exceeding the value of 12, the measured resistivity, as noted in Figure 4.1. On the other hand, the 
standard deviation ranged between 0.2 and 0.5, being the higher value for the wet oven condition.  
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Figure 4.1 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 1 – 7 days). 
 
 
After the concrete samples were tested with the Resipod device for mix design 1 at 28 days, 
it was observed that the measurements taken with the Resipod device were fairly steady for real, 
dry oven, and laboratory conditions. The range for these conditions was seven to 10.2, which 
means mix design 1 was still highly sensitive to ion chloride penetration at 28 days. It is valid to 
mention that the dry oven condition experienced a light decrease in the values. 
It is also important to express that the samples under the dry oven condition did not 
experience significant changes in values for measurements. However, for specimens subjected to 
a seven days curing condition and wet oven conditions, it was observed that the resistivity 
measured by the Resipod equipment recorded higher values than those obtained at seven day tests.    
7 DAYS
CURING
CONDITION
LABORATORY
CONDITION
DRY OVEN
CONDITION
WET OVEN
CONDITION
REAL
CONDITION
RESISTIVITY MEASUREMENT 
RANGE MIN. (kcm) 4.7 3.7 6.7 10 5.2
RESISTIVITY MEASUREMENT 
RANGE MAX. (kcm) 5.8 4.9 9.1 12.2 6.9
AVERAGE OF STANDARD
DEVIATION 0.2 0.2 0.2 0.5 0.4
4.7
3.7
6.7
10
5.25.8 4.9
9.1
12.2
6.9
0.2 0.2 0.2 0.5 0.40
2
4
6
8
10
12
14
R
ES
IS
TI
V
IT
Y
 M
EA
SU
R
EM
EN
T 
R
A
N
G
E 
(k

cm
)
CURING CONDITION
CONCRETE MIX DESIGN 1 - 7 DAYS
RESISTIVITY MEASUREMENT RANGE MIN. (kcm) RESISTIVITY MEASUREMENT RANGE MAX. (kcm)
AVERAGE OF STANDARD DEVIATION
H
ig
h 
H
ig
h 
H
ig
h  Hi
gh
 
H
ig
h  
H
ig
h  
H
ig
h 
H
ig
h  
H
ig
h  
M
od
er
at
e  
36 
 
This indicates that the values for the specimens were moderate and low chloride ion penetration, 
respectively, with a range between 12.8 and 33.5 kΩcm, as shown in Table 2.2 and Figure 4.2. 
The standard deviation ranged, in general from 0.3 to 0.9; the highest value being found for wet 
oven condition. 
Figure 4.2 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 1 – 28 days). 
Analyzing the graphs and the data obtained from the Resipod device for mix design 1, at 56 days 
of age, for the concrete surface resistivity test, under the five curing conditions, Figure 4.3 shows 
that the values from real condition and dry oven condition had hardly undergone changes. At 56 
days, compared with the results obtained from seven days and 28 days, the samples under these 
conditions still showed values highly sensitive to ion chloride penetration. 
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However, concrete specimens under seven days of curing, in laboratory and wet oven 
conditions, exhibited an increase in their values, compared with seven days and 28 day tests. The 
values as shown in Figure 4.3, placed concrete samples submitted under a seven days curing 
condition, in between high and moderate chloride ion penetration. For the laboratory condition, 
the measurements ranged between moderate and low chloride ion penetration and the wet oven 
condition exhibited the highest values, indicating very low and low sensitivity of ion chloride 
penetration for this condition. The standard deviation wavered between 0.4 and 1.0, with 1.0 being 
the highest value for the laboratory condition. 
Figure 4.3 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 1 – 56 days). 
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curing, laboratory curing, and seven-day curing conditions, exhibited values indicating high 
sensitive to chloride ion penetration. 
However, for the same age, cylinders under the dry oven curing condition and wet oven 
curing condition, noted in Figure 4.4, showed values corresponding to moderate chloride ion 
penetration, seen in Table 2.2. The standard deviation ranged from 0.2 to 0.7, in general, for all 
five curing conditions. 
 Figure 4.4 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 2 – 7 days). 
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indicating moderate chloride ion penetration. Higher and moderate chloride ion penetration were 
the results obtained from the dry oven curing condition and the real curing condition. This marked 
a light increase in values for the real curing condition and a light decreasing variation in values for 
the dry oven condition, compared with the values shown in Figure 4.4. 
However, for the wet oven curing condition, the increase in values was significant, 
indicating very low chloride ion penetration. In general, the standard deviation for all five curing 
conditions at 28 days ranged from 0.6 to 2.4, with 2.4 being the highest value for the wet oven 
curing condition. 
Figure 4.5 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 2 – 28 days). 
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At 56 days, as shown in Figure 4.6, and compared the results in Figure 4.5, all five curing 
conditions exhibited an increase in values, with the samples showing values between low and 
moderate chloride ion penetration for all conditions. The exception being the wet oven curing 
condition, which exhibited values matching with very low chloride ion penetration, as reported in 
Figure 4.6 and Table 2.2. The values of standard deviation oscillated between 0.8 and 3.9, 
corresponding the highest value to the samples subjected to the wet oven curing condition. 
Figure 4.6 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 2 – 56 days). 
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chloride ion penetration for cylinders subjected to all curing conditions, except for the specimens 
under the wet oven curing condition, which present values corresponding to moderate chloride ion 
penetration, as the highest values for seven days of age.  The standard deviation also oscillated 
between 0.2 and 1.0 for the measurements. 
Figure 4.7 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 3 – 7 days). 
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seven-day curing condition and laboratory curing condition, the measurements demonstrated 
moderate chloride ion penetration, with 5.3 as the highest value of standard deviation. 
Figure 4.8 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 3 – 28 days). 
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chloride ion penetration. This curing condition also has 3.4 as the highest number for standard 
deviation. 
Figure 4.9 Qualitative Determination of Chloride Ion Penetration, according AASHTO T358-17 
(Concrete Mix Design 3 – 56 days). 
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4.3 Summarized Data obtained from Compressive Strength test for each Concrete Mix Design and 
curing conditions  
Figures 4.10 and 4.12 present the data provided by running compression strength tests with 
the compression calibrated machine at NOVA’s laboratory for mix design one and mix design 
three, respectively 
In particular, in the results of the concrete specimens from mix design one and three, it can 
be observed that at seven days, the wet oven curing condition exhibited the highest values, and the 
dry oven curing condition exhibited the lowest compression strength. Despite that, at seven days, 
when the cylinders were broken for the compression strength test, all of the results show values 
above the 70% of the 4500psi, which is the required strength at 28 days for all mix designs in this 
thesis, as recommended by ACI 308.  
For 28 days, the cylinders cured under the wet oven curing condition, laboratory curing 
condition and seven-day curing condition demonstrated values above the required compression 
strength (4500 psi). Only the samples subjected to dry oven curing conditions and real curing 
conditions presented a light increase in values for compression strength, but not enough to reach 
the required compression strength for mix design one.  
The concrete specimens broken at 56 days subjected to the compression strength test, 
which is a destructive test, under the wet oven curing condition, laboratory condition, and seven-
day curing condition, continued to increase their strength values. However, concrete samples under 
the dry oven curing condition and real curing condition lightly increased their values, but did not 
meet the required compression strength (4500psi). 
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It is important to highlight that the three highest compression strength values were always 
found for the wet oven curing condition, then laboratory curing condition, and seven-day curing 
condition, respectively, in that order. The real curing condition and dry oven curing condition 
showed light change in compression strength during the 56 days. 
Data obtained from the broken cylinders of mix design two are shown in Figure 4.11. The 
same interpretation of mix design one and mix design three applies for mix design two, except that 
for this case, the cylinders subjected to the dry oven curing condition and real curing condition 
meet the required compression strength of 4500 psi at 28 and 56 days. 
Figure 4.10 Compressive Strength for Concrete Mix Design 1 
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Figure 4.11 Compressive Strength for Concrete Mix Design 2 
 
Figure 4.12 Compressive Strength for Concrete Mix Design 3 
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4.4 Graphs of Recorded Environment Conditions for each Concrete Mix Design 
Figure 4.13 Daily Measured Temperature and Relative Humidity for Concrete Mix Design 1 & 2 
 
 
Figure 4.14 Daily Measured Temperature and Relative Humidity for Concrete Mix Design 3 
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Figure 4.13 and 4.14 show the daily recorded temperature as an average with the temperature 
measured three times a day at 7am, 12 pm and 7pm. It is valid to mention that velocity of wind 
never went over 5mph, except on September 12th, 2018, where 23mph was recorded as an average, 
on September 29th, 2018, the average was 13 mph, and on October, 1st, 2018, 12 mph. In addition, 
October 7th, 2018 was a rainy day in Las Vegas. Temperatures during the experiment were 
averaged as 90.5 F with relative humidity of 19%, but there  is not enough information to know 
how these parameters influenced in the concrete samples subjected to these factors. 
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Chapter 5 
 Conclusions and Recomendations 
 
5.1- Conclusions  
First, this thesis has shown how important it is to cure concrete samples for at least seven 
days in order to maintain an appropriate amount of moisture to improve the process of hydration 
of cement, and to reach the required compression strength (4500psi) for any project, especially in 
footings, slab on grade, columns, and walls, for which the three mix designs are used.  
Furthermore, this research showed how for those two curing conditions, the oven dry 
curing condition and real curing condition, the strength lightly increased during 56 days for all 
three of the mix designs. In addition, for mix design one and mix design three, for the same 
conditions, the strength did not reach the required strength (4500psi), due to no presence of water 
for curing the samples. On other hand, this experiment demonstrated that concrete specimens 
subjected to wet oven curing conditions presented the highest values for compression strength and 
the highest values for chloride ion penetration, using the Resipod device. For these reasons, value 
will be found in continuing the study of the behavior of concrete for these or other curing 
conditions in other experiments. 
The daily data of temperature and relative humidity should be saved for future comparisons 
and utilization. The study showed the results presented in Chapter 4 and Appendix B for average 
temperature of 90.5F and 19% relative humidity. These parameters (temperature and relative 
humidity) do not providing enough information to know the real influence in the specimens 
affected by them with a high level of accuracy. 
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This study also presented the “easiness” of handling the Resipod equipment, and exhibited 
that it can be used in the laboratory as well as in the field. It is exceptionally mobile and user-
friendly, and the possibility of making fraude on graphs and data is prevented by using the device. 
Lastly, this experiment provided new data for the Las Vegas area that can be used in the 
summer for engineers, inspectors, and stakeholders involved in the construction field who are 
currently working with concrete mix designs, especially these three common mix designs. This 
research will encourage students and researchers to improve this experiment in order to expand 
the knowledge about mechanical properties of concrete and its durability. The results can be used 
as a contribution to the analysis of the ASTM WK37880, still under revision, and this is the main 
reason for the conservative results and data obtained in this research. This research does not offer 
enough data to create an ASTM. 
 
5.2 Recomendations 
In order to dictate and publish statements about using the Resipod device, while it is used 
for testing the surface resistivity it is always a safe method to take as many samples as possible to 
obtain accurate results.  
Specifically, to extend and expand the knowledge about concrete, chloride ion penetration, 
and durability it will be an excellent idea start a new study under different parameters. Some 
different applications can be the following examples:  
 make concrete cylinders 6” x 12”  
 change the curing conditions  
 change the season in another city in Nevada 
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 do the same tests while extending the ages to perform the tests 
 change the aggregates 
 change the water-cement ratio or and/change the materials 
In addition, it is recommended for future experiments related to the durability of concrete 
to attempt to undertake new researches using the wet oven conditions, which provide excellent 
results for surface resistivity and compression strength test.  
The scanning of electron microscopic can be developed as another test to analyses and 
obtain data about the degree of hydration of cement during a certain time, the formation and 
location of hydration products, the chemical composition of materials, and how these can or cannot 
affect the surface resistivity of concrete, either in the laboratory or in the field. 
This thesis, in combination with numerous other studies, can be used by engineers to 
evaluate the appropriate mix design to use dependent on environmental conditions or the required 
strength in any situation, and the most desired concrete property for a specific project.  
Lastly, researchers should never stop creating and improving methods and techniques that 
contribute to make their lives easier, and save cost and time, while obtaining accurate results and 
information. 
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Appendix A: Resipod Manual 
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Appendix B: Results obtained by using Resipod Device 
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MIX DESIGN #1 – 7 DAY CURING CONDITION – 7 Days 
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MIX DESIGN #1 – 7 DAY CURING CONDITION – 7 Days 
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MIX DESIGN #1 – LABORATORY CONDITION – 7 Days 
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MIX DESIGN #1 – LABORATORY CONDITION - 7 Days 
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MIX DESIGN #1 – DRY OVEN CONDITION - 7 Days 
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MIX DESIGN #1 – DRY OVEN CONDITION - 7 Days 
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MIX DESIGN #1 – REAL CONDITION - 7 Days 
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MIX DESIGN #1 – REAL CONDITION - 7 Days 
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MIX DESIGN #1 – WET OVEN CONDITION - 7 Days 
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MIX DESIGN #1 – WET OVEN CONDITION - 7 Days 
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MIX DESIGN #2 – 7 DAY CURING CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
92 
 
MIX DESIGN #2 – 7 DAY CURING CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
93 
 
MIX DESIGN #2 – LABORATORY CONDITION – 7 Days 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
94 
 
MIX DESIGN #2 – LABORATORY CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
95 
 
MIX DESIGN #2 – OVEN DRY CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
96 
 
MIX DESIGN #2 – OVEN DRY CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
97 
 
MIX DESIGN #2 – REAL CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
98 
 
MIX DESIGN #2 – REAL CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
99 
 
MIX DESIGN #2 – WET OVEN CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
100 
 
MIX DESIGN #2 – WET OVEN CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
101 
 
MIX DESIGN #3 – 7 DAY CURING CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
102 
 
MIX DESIGN #3 – 7 DAYS CURING CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
103 
 
              MIX DESIGN #3 – LABORATORY CONDITION – 7 days 
 
 
 
 
 
                                        
 
SAMPLE 1 
 
 
 
 
 
 
 
        
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
104 
 
               MIX DESIGN #3 – LABORATORY CONDITION – 7Days 
 
 
 
 
 
 
 
 
                                                      SAMPLE 2 
 
 
 
 
  
 
 
 
 
SAMPLE 3 
 
 
 
 
 
                                                              
 
SAMPLE 3 
105 
 
MIX DESIGN #3 – DRY OVEN CONDITION – 7 Days 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
106 
 
MIX DESIGN #3 – DRY OVEN CONDITION – 7 Days 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
107 
 
MIX DESIGN #3 – REAL CONDITION – 7 Days 
 
 
 
 
 
 
 
SAMPLE1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE1 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
        
 
108 
 
MIX DESIGN #3 – REAL CONDITION – 7 Days 
 
 
 
 
 
 
 
 
SAMPLE 2 
  
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
                
109 
 
MIX DESIGN #3 – WET OVEN CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
110 
 
MIX DESIGN #3 – WET OVEN CONDITION – 7 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
111 
 
MIX DESIGN #1 – 7 DAY CURING CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
112 
 
MIX DESIGN #1 – 7 DAY CURING CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
113 
 
MIX DESIGN #1 – LABORATORY CONDITION – 28 Days 
  
      
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
   
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
114 
 
MIX DESIGN #1 – LABORATORY CONDITION – 28 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
115 
 
MIX DESIGN #1 – DRY OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
116 
 
MIX DESIGN #1 – DRY OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
  
117 
 
MIX DESIGN #1 – REAL CONDITION – 28 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
SAMPLE 1 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
118 
 
MIX DESIGN #1 – REAL CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 3 
119 
 
MIX DESIGN #1 – WET OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
120 
 
MIX DESIGN #1 – WET OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
121 
 
MIX DESIGN #2 – 7 DAY CURING CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
122 
 
MIX DESIGN #2 – 7 DAY CURING CONDITION – 28 Days 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
  
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
 
123 
 
MIX DESIGN #2 – LABORATORY CONDITION – 28 Days 
          
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
   
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
124 
 
MIX DESIGN #2 – LABORATORY CONDITION – 28 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
z 
 
 
 
 
 
 
 
SAMPLE 3 
125 
 
MIX DESIGN #2 – DRY OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
126 
 
MIX DESIGN #2 – DRY OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
 
 
 
127 
 
MIX DESIGN #2 – REAL CONDITION – 28 Days 
 
  
 
  
 
  
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
  
 
 
SAMPLE 1 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
SAMPLE 2 
 
 
128 
 
MIX DESIGN #2 – REAL CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
129 
 
MIX DESIGN #2 – WET OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
130 
 
MIX DESIGN #2 – WET OVEN CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
131 
 
MIX DESIGN #3 – 7 DAY CURING CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
132 
 
MIX DESIGN #3 – 7 DAY CURING CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
133 
 
MIX DESIGN #3 – LABORATORY CONDITION – 28 Days 
             
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
   
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
134 
 
MIX DESIGN #3 – LABORATORY CONDITION – 28 Days 
 
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
135 
 
MIX DESIGN #3 – DRY OVEN CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
136 
 
MIX DESIGN #3 – DRY OVEN CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
137 
 
MIX DESIGN #3 – REAL CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
138 
 
MIX DESIGN #3 – REAL CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
139 
 
MIX DESIGN #3 – WET OVEN CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
140 
 
MIX DESIGN #3 – WET OVEN CONDITION – 28 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
141 
 
MIX DESIGN #1 – 7 DAY CURING CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
142 
 
MIX DESIGN #1 – 7 DAY CURING CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
143 
 
MIX DESIGN #1 – LABORATORY CONDITION – 56 Days 
 
 
      
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
   
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
   
  
 
 
 
 
SAMPLE 2 
 
 
 
 
144 
 
MIX DESIGN #1 – LABORATORY CONDITION – 56 Days 
 
  
  
  
  
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 3 
145 
 
MIX DESIGN #1 – DRY OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
146 
 
MIX DESIGN #1 – DRY OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
  
 
  
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
  
  
 
 
 
 
 
 
SAMPLE 3 
  
147 
 
MIX DESIGN #1 – REAL CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
 
 
 
SAMPLE 1 
 
 
 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
148 
 
MIX DESIGN #1 – REAL CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 3 
 
 
 
 
  
   
  
 
 
 
 
 
 
SAMPLE 3 
149 
 
MIX DESIGN #1 – WET OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 1 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
150 
 
MIX DESIGN #1 – WET OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
  
 
  
 
 
 
 
SAMPLE 3 
 
 
 
 
  
 
  
  
 
 
 
 
 
 
SAMPLE 3 
 
 
151 
 
MIX DESIGN #2 – 7 DAY CURING CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
152 
 
MIX DESIGN #2 – 7 DAY CURING CONDITION – 56 Days 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
 
  
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
  
 
  
 
 
 
 
SAMPLE 3 
 
153 
 
MIX DESIGN #2 – LABORATORY CONDITION – 56 Days 
 
        
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
  
 
 
 
SAMPLE 2 
 
 
 
 
154 
 
MIX DESIGN #2 – LABORATORY CONDITION – 56 Days 
 
  
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
155 
 
MIX DESIGN #2 – DRY OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
156 
 
MIX DESIGN #2 – DRY OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 3 
 
 
 
157 
 
MIX DESIGN #2 – REAL CONDITION – 56 Days 
 
  
  
 
  
 
  
 
 
SAMPLE 1 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
   
    
 
 
 
 
 
SAMPLE 2 
 
 
 
158 
 
MIX DESIGN #2 – REAL CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
  
  
 
 
 
 
 
SAMPLE 3 
159 
 
MIX DESIGN #2 – WET OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
SAMPLE 2 
 
 
 
160 
 
MIX DESIGN #2 – WET OVEN CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
161 
 
MIX DESIGN #3 – 7 DAY CURING CONDITION – 56 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
162 
 
MIX DESIGN #3 – 7 DAY CURING CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
163 
 
MIX DESIGN #3 – LABORATORY CONDITION – 56 Days 
 
        
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
   
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
164 
 
MIX DESIGN #3 – LABORATORY CONDITION – 56 Days 
 
  
  
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 3 
165 
 
MIX DESIGN #3 – DRY OVEN CONDITION – 56 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
166 
 
MIX DESIGN #3 – DRY OVEN CONDITION – 56 Days 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
  
 
 
 
 
 
 
 
SAMPLE 3 
 
 
167 
 
MIX DESIGN #3 – REAL CONDITION – 56 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
168 
 
MIX DESIGN #3 – REAL CONDITION – 56 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
169 
 
MIX DESIGN #3 – WET OVEN CONDITION – 56 Days 
  
 
 
 
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
 
  
 
 
 
 
 
 
SAMPLE 1 
 
 
 
 
 
  
 
  
 
 
 
 
 
SAMPLE 2 
 
 
 
170 
 
MIX DESIGN #3 – WET OVEN CONDITION – 56 Days 
 
  
 
 
 
 
 
 
 
 
SAMPLE 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE 3 
 
 
 
 
 
   
  
 
 
 
 
 
 
 
SAMPLE 3 
 
 
171 
 
References 
 
Ahmad, S. (2003). Reinforcement corrosion in concrete structures, its monitoring and service life 
prediction––a review. National Academy of Sciences Annual Meeting - Cement and Concrete 
Composites. Volume #25 (Issue 4-5), Page 459-471. 
 
Aitcin, P. C. (2003). The durability characteristics of high performance concrete: A review. 
Cement and Concrete Composites. Volume #25 (Issue 4), Page 409-420. 
 
Azarsa, P., Gupta, R., (2017). Electrical Resistivity of Concrete for Durability Evaluation: A 
Review. Advances in Materials Science and Engineering. Retrieved May 31, 2017, from 
 
Bioubakhsh, S. (2011). The penetration of chloride in concrete subject to wetting and drying: 
measurement and modelling. Doctoral thesis, University College London. 
 
Concrete Craftsman Series: CCS-0 Concrete Fundamentals (2016 Edition). (2016). Michigan: 
American Concrete Institute. 
 
Fonseca, N., De Brito, J., Evangelista, L. (2011).  The influence of curing conditions on the 
mechanical performance of concrete made with recycled concrete waste. Cement and Concrete 
Composites. Volume #33, Page 637-643.  
 
Gosh, P., Tran, Q. (2015). Correlation Between Bulk and Surface Resistivity of Concrete. 
International Journal of Concrete Structures and Materials. Volume #9 (Issue 1), Page 119-132. 
https://doi.org/10.1155/2017/8453095 
 
Jamal, H. (2017). Types of Admixtures of concrete & Cement. In About Civil Engineering. 
Retrieved on March 18, 2017, from 
https://www.aboutcivil.org/concrete-technology-admixtures.html 
 
Paulik, P. (2013). The Effect of Curing Conditions (In Situ vs. Laboratory) on Compressive 
Strength Development of High Strength Concrete. Procedia Engineering. Volume #65, Page 113-
119.  
 
Plante M., Cameron G., Tagnit-Hamou A. (2000). Influence of Curing Conditions on Concrete 
Specimens at Construction Site. American Concrete Institute-Materials Journal. Volume #97 
(Issue 2), Page 120-126. 
 
Polder, B. R. (2001). Test methods for on site measurement of resistivity of Concrete-a RILEM 
TC-154 technical recommendation. Construction and Building Materials. Volume #15 (Issue 2-3), 
Page 125-131. 
 
Portland Cement Association (US) (1916-2018)  https://www.cement.org/ 
 
Rupnow, T., Icenogle, P.  (2012). Surface Resistivity Measurements Evaluated as Alternative to 
Rapid Chloride Permeability Test for Quality Assurance and Acceptance. Transportation Research  
172 
 
Record: Journal of Transportation Research Board. Volume #2290 (ISSN: 0361-1981), Page 30-
37 
 
Samir H. Al-Ani, Mokdad A. K. Al-Zaiwary. (1988). The effect of curing period and curing delay 
on concrete in hot weather. Material and Structures. Volume #21 (Issue 3), Page 205-212. 
 
Shoukry, S. N., William, G. W., Downie, B., Riad, M. Y. (2011). Effect of moisture and 
temperature on the mechanical properties of concrete. Construction and Building Materials. 
Volume #25 (Issue 2), Page 688-695.  
 
Tae-Kyun, K., Seung-Jai, C., Jang-Ho Jay, K., Byung-Yun K. (2015). Performance Based 
Evaluation of Concrete Strength under Various Curing Conditions to Investigate Climate 
Change Effects.  Sustainability Journal. (ISSN 2071-1050). Retrieved July 24, 2015, from 
www.mdpi.com/journal/sustainability 
  
Zemajtis, J. Z. (n.d.). Role of Concrete Curing. Retrieved from  
https://www.cement.org/learn/concrete-technology/concrete-construction/curing-in-construction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
173 
 
Curriculum Vitae 
Date: November 15, 2018 
 
 
 
Edgar Lazaro Salas-Borrero 
 
NOVA GEOTECHNICAL & INSPECTION SERVICE 
4480 W. Hacienda Ave 
Las Vegas, NV, 89118 
Phone: 702-873-3478 
edgar.salas@novageotech.com 
esalasborrero@gmail.com 
 
Education 
University of Havana, Cuba 
Civil Engineering Faculty 
B.S. Civil Engineering, 2003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
